Objective: Whiplash-associated disorders (WAD) are common and incur substantial personal and economic costs. Research has shown that persistent posttraumatic stress reactions predict poorer functional recovery in WAD; however, the specific mechanism through which this occurs is unclear. The current study is the first to examine the direct impact of posttraumatic stress disorder (PTSD) symptoms in WAD using laboratory tested pain measures.
W hiplash-associated disorders (WADs) are a common, disabling, and costly condition that occurs often as a result of a motor vehicle accident. Current data indicate that up to 50% of people who experience a whiplash injury will never fully recover 1 and up to 30% will remain moderately to severely disabled. 2, 3 The mechanisms underlying persistent pain and disability in this population are poorly understood. 4 Recent prospective studies have identified persistent posttraumatic stress disorder (PTSD) reactions (distinct from general distress) as an important factor in the development of persistent pain and disability in both acute 3, 5 and chronic WAD. 3, 6 Physical measures of sensory hypersensitivity (cold and mechanical hyperalgesia) have been found to predict both moderate to severe PTSD symptoms and more severe pain-related disability at long-term followup. 7 Current PTSD symptoms have also been found to be associated with reduced activity later in the same day in chronic WAD. 8 The relationship between pain and PTSD has been widely reported 9, 10 and it has been hypothesized that pain and PTSD may share common neurobiological processes.
McLean et al 11 propose that abnormal stress system function during and after a stressor may disrupt the neurobiological processes involved in adaptive stress responses and thus increase the risk of an individual's development of both PTSD and pain. Extending and unifying cognitivebehavioral and biological theories, the stress response system is hypothesized as central in the development of abnormal pain, emotional processing after a motor vehicle accident, or both 12 ; however, empirical evidence addressing these issues is limited.
Although the impact of PTSD symptoms on the experience of pain has begun to be explored in more general chronic pain conditions, empirical data have revealed mixed findings and methodological differences between studies (eg, assessment measures, inclusion of individuals with heterogenous pain conditions and PTSD triggers) make it difficult to compare results. [13] [14] [15] To date, no studies have assessed the direct impact of clinically diagnosed PTSD on the experience of pain. WAD provide a specific chronic pain sample where both the injury and traumatic experience have simultaneous onset (although the vulnerabilities to each disorder may exist before the accident) and thus provide a good sample in which to explore these relationships.
The aim of the current study is to examine differences in WAD individuals with and without diagnosed accidentrelated PTSD with regard to self-reported pain and negative effect, physiological arousal, and laboratory tested sensory pain thresholds. The current study will also be the first to use an experimental design to activate PTSD symptoms through exposure to individually relevant accident cues and examine the impact of this on arousal as well as both self-reported and laboratory tested pain thresholds.
Two specific hypotheses are proposed based on an integration of findings from previous research in heterogenous pain and trauma samples and WAD-specific findings. At baseline, it is predicted that individuals with PTSD will demonstrate greater self-reported disability, pain intensity and negative effect, greater physiological arousal, poorer quality of life, and lower sensory pain thresholds than individuals without PTSD (H1). Secondly, it is hypothesized that activation of PTSD symptoms through exposure to an individually relevant accident cue will result in an increased negative effect, pain intensity, and physiological arousal, and lowered sensory pain thresholds (indicating hypersensitivity) in both groups with greater changes evident in the PTSD group compared with the No PTSD group.
MATERIALS AND METHODS

Participants
Seventy-two individuals (47 females) aged 18 to 68 years (M = 34.95, SD = 10.02) were recruited by advertisements in South-East Queensland. Participants were initially assessed by self-report telephone screening using the Quebec Task Force Classification of WAD. 16 Eligible participants had chronic WAD (range, 3 to 36 mo, M = 30.19 mo, SD = 18.68) grades II (neck symptoms and musculoskeletal sign(s); decreased range of motion and point tenderness) or III (neck symptoms and neurological sign(s); weakness, sensory deficits, decreased or absent deep tendon reflexes). Individuals were excluded if they selfreported (1) any neck fractures of dislocations (classified as WAD IV); (2) experienced a serious head injury or burns; (3) have a previous history of whiplash, neck pain, or headaches requiring treatment; (4) have a diagnosis or are currently receiving treatment for a major psychiatric disorder (eg, bipolar, schizophrenia); or (5) have insufficient comprehension of English.
Measures
Background
A background questionnaire was used to collect demographic, accident, injury, and current symptom information.
PTSD Diagnosis
The Structured Clinical Interview for DSM-IV TR 17 is considered a "gold standard" instrument for PTSD diagnosis. For the current study, questions were modified to assess PTSD symptoms related to the motor vehicle crash that caused the whiplash injury and to screen out symptoms attributable to injury, pain, environmental factors, or other potentially traumatic events in participants' lives, allowing greater diagnostic accuracy than a self-report questionnaire. Given the overlap in some symptoms between PTSD and WAD (eg, sleep difficulties, memory, concentration), symptoms that may include both a psychological and pain-related cause were identified and excluded if they were best accounted for by injury or pain.
To be allocated to the PTSD group participants needed to meet criteria for a current diagnosis of PTSD related to the motor vehicle crash that led to the whiplash injury. All other participants (eg, those not meeting full criteria for PTSD or those meeting criteria for a previous PTSD diagnosis or those with current PTSD symptoms related to other events) were allocated to the No PTSD group.
Self-report Disability and Quality of Life
The Neck Disability Index (NDI) 18 percentage score was included as the primary outcome measure for neck pain and disability. The NDI is the most commonly used outcome measure for neck pain, designed particularly for use in patients with whiplash-type injuries and consists of 10 items addressing functional activities such as personal care, lifting, reading, work, driving, sleeping, and recreational activities as well as pain intensity, concentration, and headache. 18 There are 6 potential responses to each item ranging from no disability (0) to total disability (5). An overall percentage score (out of 100) is calculated by totalling the responses of each item and multiplying by 2. The NDI has been shown to have a high degree of testretest reliability, internal consistency, and validity. 18 A clinically important difference of 7/100 will be used. 19 The Short Form-36 Health Survey 20 was included as a measure of generic health status and quality of life. The scales of the SF-36 have been found to be sensitive to clinical manifestations of medical (physical functioning) and global psychiatric (mental health) conditions.
Pain Intensity and Negative Effect
Pain intensity and negative effect were assessed using numerical rating scales (NRS) anchored at 0, no pain/distress; 5, somewhat painful/distressing; and 10, worst pain imaginable/extremely distressing. The mean negative effect was assessed by averaging the scores of 5 scales: distress, fear, tension, irritability, and sadness. Similar NRS have been used in previous research assessing changes in affect and pain after exposure to accident cues. 21 Pool et al 19 reported that clinically important difference on the NRS for patients with neck pain was 2.5.
Physiological Arousal Measures
Heart rate, systolic and diastolic blood pressure were measured as indicators of physiological arousal using the Lifeshirt 200 System (Vivometrics, California). Heart rate was measured by 3 self-adhering electrodes placed onto the upper check and lateral surface of the abdomen and ECG was sampled at 200 Hz. Blood pressure readings were recorded using the SpaceLabs Ambulatory device. A control measure of body movement was also taken using an accelerometer and participants were not given any visual or verbal feedback during the study. The data were organized, converted, and recorded using Vivo Logic (Vivometrics). Participants were not given any visual or verbal feedback during the experiment. These physiological measures have been previously used in the investigation of posttraumatic stress 22 and WAD. 8 The accuracy of the Lifeshirt (Vivometrics) as an ambulatory system compared with standard laboratory-based heart rate monitoring equipment (Biopac) has been demonstrated. 23 
Sensory Pain Thresholds
Qualitative sensory testing was used to measures pain threshold responses to pressure and cold stimuli. These measures have been used extensively in the study of WAD. 24 Cold pain thresholds were identified a priori as the primary sensory pain threshold measures as previous research has indicated that these measures may be more sensitive to change and have been more clearly linked to PTSD symptoms and poorer recovery in WAD. 7 Cold Pain Thresholds were measured with the Thermotest System (Somedic AB). The thermode was placed bilaterally on the skin over the cervical spine. From baseline (301C) the temperature decreased at a rate of 11C/s to a minimum of 51C. A patient-controlled switch indicated when participants felt the feeling to change from one of cold to one of cold and pain and the temperature at this point was recorded. A mean of 3 trails were used in analyses (10 s pause between measures). Few empirical studies on the psychometric properties of cold pain thresholds exist but research has found strong correlation with pressure pain thresholds (PPTs) and have demonstrated adequate reliability. 25 Some normative data are available for comparison, but no studies were found that reported Standard Errors of Measurement to gauge the magnitude of "real change." 25 PPTs were recorded using a digital pressure algometer (Somedic, Sweden), consisting of a 1 cm 2 rubber probe connected to a pressure transducer. Pressure was applied at 40 kPa/s and participants were instructed to press a button when the sensation under the probe changed from one of pressure only to one of pressure and pain and the pressure at that point was recorded. PPTs were measured at 2 cervical spine sites (C2 and C5), a bilateral upper limb site (medial nerve [MN] at the anterior aspect of the elbow) and a bilateral remote site (muscle belly of tibialis anterior [TA] ). The mean of 3 trials at each site (30-second pause between each) were used in analyses. These sites have been previously used in investigation of WAD and have been shown to be reliable and valid. 26 Local and remote PPTs were analyzed separately given the large difference in the SE of measurement between these sites with values of 144 kPa and above indicating meaningful difference in cervical spine, whereas the SE for remote sites is estimated to be >243 kPa. 26 
Procedure
This study was cleared in accordance with the ethical review processes of the University of Queensland and within the guidelines of the National Health & Medical Research Council. Figure 1 provides details of the procedure and participant flow through the study. Potential participants (n = 156) were screened by telephone and eligible participants (n = 92) were invited to attend a face-toface assessment. Written information about the study, a consent form, and a pack containing all the self-report questionnaires were sent to eligible participants to complete and return at the face-to-face session, on average 1 week later.
Seventy-three participants completed the first assessment session. Consent forms and questionnaires were checked for missing data and the SCID was conducted by a registered psychologist with postgraduate clinical training (R.L.D.-P.). Participants were then asked to develop an individually relevant accident cue script as previous research has found that personalized scripts are more effective than standard, hypothetical scripts, or cues. 27 This process involved participants writing down the sequence of events for the motor vehicle accident that caused their injury in first-person, present tense, and including as much detail as possible about their thoughts, feelings, behavior, physical responses, and sensory experiences. This instruction was intended to facilitate more detailed data-driven processing rather than conceptually driven processing. 28 A list of possible physical (eg, heart pounding/racing, muscles tensed, burning sensation, eyes shut, nausea) and emotional reactions (eg, sad, angry, fearful, helpless, feeling that things are not real) was provided to participants to assist with this task and the interviewer provided assistance where required (eg, clarifying tense, content, and detail required). Seventy-two participants completed the second assessment session, which was on average 1 week after the first session. This assessment session was conducted in a climate controlled laboratory and participants completed sensory pain threshold measures in a standardized order (Cold, Pressure [cervical, MN, TA]) based on ease of administration and to measure the primary outcome measures (cold and cervical PPTs) as early as practical in the sequence. For bilateral measures left was completed before right. The order of testing was the same for each group so that any order effect of the measures was consistent for both groups and this procedure has been used previously in the study of WAD. 25, 29 Participants were fitted with the Lifeshirt and a 5-minute relaxation time was used to gain baseline physiological measures, recorded in the final minute. Participants then completed the baseline NRS before listening to their individual accident cue using headphones. Participants were instructed to imagine as vividly as possible the accident and imagine their associated physical and emotional reactions. Postaccident cue arousal, NRS, and sensory pain threshold measures were completed following the same procedure.
At the completion of the session current pain intensity and affect were reassessed to ensure all participants had returned to baseline levels before exiting the laboratory. Participants were debriefed as to the aims and rationale for the study, thanked for their time, and given a set of contact numbers for any questions or concerns they may have. Participants for whom a diagnosis of PTSD was indicated were also informed about a randomized control trial offering free psychological treatment for PTSD.
Statistical Analyses
SPSS for Windows (Version 17) software was used to perform all statistical analyses. The alpha level was set at 0.05 and Bonferroni corrections were made to maintain this level of type I error in the context of multiple comparisons. w 2 and independent groups analysis of variance (ANOVA) were conducted to determine the difference between the PTSD and the No PTSD groups on demographic variables.
For the cross-sectional comparisons a 1-way multivariate analysis of variance (MANOVA) with follow-up univariate comparisons were used to assess differences between the groups on the SF-36 subscales while an independent groups ANOVA were used for the NDI.
A mixed experimental design was used to examine the impact of PTSD on affect, pain intensity, arousal and sensory pain threshold variables at baseline, and following direct activation of PTSD symptoms by the accident cue. A combination of 2 Â2 mixed ANOVAs and MANOVAs (as specified in the Results section), with follow-up univariate analyses were used with PTSD as the between-groups variable (PTSD and No PTSD) and Time (preaccident and postaccident cue) as the within-groups variable.
Sensory pain threshold measures were averaged over 3 trials at each site. Analyses for PPTs at local (cervical [C2, C5]) and remote (MN, TA) sites were conducted separately given the large differences in the SE of measurement in these sites (see Measures sections for greater detail). Independent samples t tests revealed no significant difference between the left and right sides for any of the bilateral sensory measures (P > 0.05); therefore, the mean values were used in further analyses (similar protocol have been observed in previous research WAD. 30 Power analyses were conducted before the commencement of the study to determine the number of participants required in each group to allow adequate power to detect meaningful differences (as defined for each measure in the Materials and methods section) both within and between groups. In accordance with guideline set out by Cohen, 31 power was set at 0.80 and the alpha level was 0.05. Given the limited previous empirical research on the specific comorbidity of PTSD and chronic WAD effect sizes were estimated from previous research with regard to general chronic pain, general PTSD, and where available studies looking specifically at whiplash and trauma symptoms. Effect sizes varied greatly between studies depending on the sample and measures used. Moderate to large effect sizes were estimated for between groups (PTSD/No PTSD) differences on self-reported whiplash pain, 7 quality of life, 32 and physiological measures. 33, 34 Moderate effect sizes were estimated for within group differences (baseline and postexposure) in arousal and self-reported pain. 21 Estimates for changes in sensory pain thresholds between and within subjects were determined to be small to moderate based on previous research 35 and preliminary laboratory data. Results of the various power analyses were collated and it was determined that a minimum of 34 participants in each group would be required to allow enough power to detect meaningful differences (based on the clinically important change values for each measure outlined in the Measures section) both between and within groups. A total of 72 participants were recruited to the study and it was determined that this would allow sufficient power to conduct the planned analyses.
RESULTS
PTSD Diagnosis
On the basis of the SCID, 33 participants (45.8%) were diagnosed with current motor vehicle crash-related PTSD, whereas 39 (54.2%) did not meet full criteria for a current diagnosis. Of note, 7 participants in the No PTSD group (17.9%) did meet criteria for partial PTSD (ie, met criteria for reexperiencing symptoms and either avoidance or increased arousal symptoms but not all diagnostic criteria).
Six participants from the PTSD group (18.2%) met criteria for lifetime diagnosis of PTSD predating the motor vehicle crash, whereas 13 participants (33.3%) from the No PTSD group met criteria for lifetime PTSD. w 2 analyses revealed no significant differences between the groups in the frequency of lifetime PTSD (w 2 1 = 2.11, P = 0.15) or number of trauma exposures (Table 1) . With respect to the nature of prior trauma, the PTSD group differed from the No PTSD group only in exposure to a serious accident, fire, or explosion (w 2 1 = 17.44, P > 0.01) and physical assault by a stranger (w 2 1 = 9.49, P > 0.01), whereas exposure to all other specified traumas was equivalent (Table 1) . . A 1-way MANOVA also revealed no significant differences between the groups with regard to age, height, and weight. One-way ANOVA analyses revealed no difference between groups in time since the accident; however, participants with PTSD did report more sites of pain than those without PTSD (t 70 = À2.37, P = 0.02). Follow-up univariate analyses revealed individuals with PTSD were more likely to report pain in their back (w 
Cross-sectional Analyses
Demographic Analyses
Experimental Analyses
An experimental design was used to examine the impact of PTSD on affect, pain intensity, arousal, and pain threshold variables at baseline and following direct activation of PTSD symptoms by the accident cue. Separate mixed models ANOVAs were used for each outcome variable with PTSD as the between-groups variable (PTSD and No PTSD) and Time as the within-groups variable (preaccident and postaccident cue). The alpha level was set at 0.05 and Bonferroni corrections were applied to adjust for multiple comparisons resulting in P = 0.01 criterion for these analyses.
Self-reported NRS Negative Effect
The PTSD group demonstrated significantly higher negative effect at both baseline and postaccident cue (F 1,70 = 15.91, P < 0.001, Z P 2 = 0.19) and both groups demonstrated an increase in negative effect following the trauma cue (F 1,70 = 61.47, P < 0.001, Z P 2 = 0.26) (Fig. 2) . A significant Time ÂPTSD interaction was also found (F 1,70 = 25.15, P = 0.001, Z P 2 = 0.26) with stronger increases in negative effect in the PTSD group (T1 = 3.16, T2 = 6.02) compared with the No PTSD group (T1 = 1.8, T2 = 2.42) from baseline to postaccident cue. With regard to clinical significance, the difference between groups at baseline were comparable while changes between and within groups following the trauma cue were considered clinically significant (difference > 2.5).
Self-reported NRS Pain Intensity
For NRS pain intensity at baseline and following the accident cue, main effects for PTSD (F 1,70 = 8.63, P = 0.004, Z P 2 = 0.11), Time (F 1,70 = 40.63, P < 0.001, Z P 2 = 0.37), and a significant Time ÂPTSD interaction (F 1,70 = 29.56, P < 0.001, Z P 2 = 0.30) were found. The PTSD group reported stronger increases in pain intensity after the accident cue (T1 = 3.58, T2 = 4.55) compared with the No PTSD group (T1 = 2.82, T2 = 2.90) (Figure 3) . Interestingly, none of the changes in selfreported pain intensity between or within groups met criteria for clinical significance (difference > 2.5).
Arousal Measures
A summary of the means and SDs for the physiological arousal measures are presented in Table 3 . A repeated measures MANOVA revealed significant main effects for PTSD (F (3,68) = 7.20, P < 0.001, Z P 2 = 0.24), Time (F 3,68 = 52.73, P < 0.001, Z P 2 = 0.70), and a 
Sensory Pain Threshold Measures
A summary of the means and SDs for the sensory pain threshold measures are also presented in Table 3 .
For the primary outcome measure of cold pain threshold, there was a significant main effect for PTSD (F 1,70 = 10.02, P = 0.002, Z P 2 = 0.13) with the PTSD group demonstrating lower thresholds across time than the No PTSD group. No significant main effect for Time was found (F 1,70 = 0.69, P = 0.41, Z P 2 = 0.01); however, there was a significant Time Â PTSD interaction (F 1,70 = 8.55, P = 0.005, Z P 2 = 0.10). As seen in Table 3 , the PTSD group showed a significant decrease in their threshold to cold temperature from pretrauma to posttrauma cue while there was minimal change for the No PTSD group over time.
For the cervical pressure pain, a significant main effect for PTSD (F 2,67 = 11.10, P < 0.001, Z P 2 = 0.25) revealed lower PPTs in the cervical spine for the PTSD group compared with the No PTSD group at both baseline and postaccident cue. There was no main effect for Time found (F 2,67 = 0.84, P = 0.44, Z P 2 = 0.02). Table 3 shows that the PTSD group demonstrated a trend toward greater decrease in cervical PPTs after the trauma cue compared with the No PTSD group; however, when the Bonferroni correction was applied the Time ÂPTSD interaction did not reach significance (F 2,67 = 3.13, P = 0.05, Z P 2 = 0.09). Despite the between groups analyses reaching statistical significance, the difference between the PTSD and No PTSD groups at each timepoint were not considered clinically significant (defined in the Measures section as >144 kPa).
For the remote site PPTs, no main effect for Time (F 2,69 = 0.50, P = 0.61, Z P 2 = 0.01) or the TimeÂPTSD interaction were found (F 2,69 = 1.37, P = 0.26, Z P 2 = 0.04). Table 3 displays a trend toward lower PPTs in remote sites for the PTSD group compared with the No PTSD group across time; however, when the Bonferroni correction was applied this main effect for PTSD was not significant (F 2,69 = 3.95, P = 0.02, Z P 2 = 0.10) and this difference was also not determined to be clinically significant (defined as >243 kPa).
Correlations Between Changes in Outcome Measures
Correlations between percent changes in outcome measures in PTSD group are illustrated in Table 4 .
DISCUSSION
The results of this study support and extend on previous findings that individuals with chronic whiplash, particularly those with comorbid PTSD, present with variable and complex patterns of physical, psychological, and sensory impairments. 25, 29 The primary purpose of this study was to examine the impact of comorbid PTSD in individuals with chronic whiplash on disability and quality of life, physiological arousal, and sensory pain thresholds. The secondary aim was to assess whether PTSD exerted a general effect and/or a specific effect on these outcomes through direct activation of PTSD symptoms by accident cues.
Findings from the cross-sectional analysis indicate that in general, individuals with chronic WAD and PTSD reported greater pain locations, general disability, and poorer quality of life compared with WAD individuals without PTSD. Although there was a moderate trend for individuals with PTSD to report greater neck pain and disability this was not statistically or clinically significant in the current sample. These findings are consistent with previous longitudinal research findings that baseline PTSD symptoms predicted the persistence and severity of WAD symptoms and disability at 6 and 12 months follow-up. 3, 6 More generally, these results are also consistent with previous cross-sectional findings that chronic pain patients with comorbid PTSD experience more intense pain and affective distress 36 and greater disability 32, 37 than pain patients without PTSD.
This was the first empirical study to specifically activate PTSD symptoms in patients with chronic WAD and assess changes in self-reported and laboratory tested pain using an experimental design. The results support previous general chronic pain research findings that individuals with PTSD reported greater negative effect 21 and arousal at baseline 34 and that the activation of PTSD symptoms resulted in further affective and physiological reactivity. 27 In the current study, individuals with PTSD were also found to have lower sensory pain thresholds compared with those without PTSD across cold and cervical pressure pain measures at baseline and posttrauma cue. This difference between the groups was observed in the remote (arm and leg) locations; however, when an adjustment for multiple comparisons was applied this no longer reached significance and these differences were not considered clinically significant. Although generalized central nervous system hyperexcitability has been consistently reported in WAD, 4 the finding of site-specific hyperalgesia between the PTSD and No PTSD groups in the current study is in line with previous conclusions 35 that sensory hypersensitivity cannot be attributed to psychological factors alone and may reflect the contribution of other neurobiological changes or a complex interplay between these substrates.
Interestingly, exposure to the accident cue in the current study resulted in further significant decreases in cold pain thresholds at the site of injury, whereas minimal changes were found in local or remote PPTs between or across groups. The hyperalgesic effect demonstrated in the cold pain thresholds is contrary to some earlier research that has suggested an analgesic effect of trauma exposure. 13, 38 However, this finding is consistent with research 14 and in line with studies demonstrating lower baseline pain thresholds in whiplash patients 25 and patients with heterogenous chronic pain and posttraumatic stress symptoms. 37 It should be noted that a conservative approach to managing type I error in the context of multiple comparisons was taken in the current study. This is considered a strength in that it maintains a lower study-wide error rate given the number of comparisons performed; however, the deflated error rate for each analyses also increases the type II error rate. 39 As a result comparisons with a slightly smaller (but potentially meaningful and important) effect sizes that would have previously been considered statistically significant were deemed nonsignificant. In particular this applied to the difference between PTSD and No PTSD groups for remote pressure pain sites and also to the interaction between PTSD group and Time (preaccident and postaccident cue) for the cervical spine PPT that would be consistent with the cold pain threshold findings as previously discussed.
The specific findings of cold hyperalgesia is also consistent with previous research indicating that cold pain thresholds are more likely than other sensory thresholds measures to be associated with poorer outcomes for WAD 25 and this may reflect the mechanism through which neurobiological changes in more complex cases of WAD may occur. Previous research has reported lower pain threshold, lower b-endorphin levels, and decreased production and release of methionine enkephalin and stress-induced analgesia in individuals with PTSD. 13, 40 The findings that exposure to an individually relevant accident cue resulted in changes in cold pain thresholds may also reflect altered attentional or emotional responses or changes in the interpretation of painful stimuli in the PTSD group. An alternative, but not mutually exclusive explanation is that altered sensory processing occurs after activation of the stress system through exposure to the accident cue. 38 Previous research has identified the ventral basal ganglia dopamine neurotransmitter system being involved in stress response, negative emotion, and pain regulation, 15 suggesting that pain, negative effect, and stress associated with the response to trauma may share similar neurobiological mechanisms. Results from the current study provide additional support that these systems and responses may be related; however, determination of the underlying mechanisms awaits further investigation.
The mixed findings of the current study again indicate that psychological factors may play a role but are the only or main factors responsible for central hyperexcitability in patients with WAD. 35 Indeed, in a recent pilot study looking at the impact of PTSD treatment in WAD patients with comorbid PTSD, hyperalgesia, and disruption to the sensory nervous system remained despite the alleviation of PTSD symptoms, 41 highlighting the need for multidisciplinary approaches to further investigate this comorbidity.
A major strength of the current study is the use of a clinical interview to differentiate between the overlap of symptoms between PTSD and pain. However, it must also be noted that using this categorical method for comparison of those with PTSD and those with No PTSD also results in a proportion of participants in the No PTSD group (18%) meeting criteria for partial PTSD. Thus, the effect sizes demonstrated in the current study are conservative and may in fact be minimizing the true difference between the groups. Future research utilizing a larger sample size may investigate the relationship using a third partial or subthreshold PTSD group to allow more clear conclusions regarding the importance of diagnostic classification or symptom severity with regard to outcomes.
A further strength of the current study is the use of both self-reported and laboratory tested pain measures allowing different aspects of pain to be explored. A limitation of this process; however, is the inherent difficulty in measuring pain realistically in an experimental environment. In this study participants were aware of the cause, duration, and lack of tissue damage that would result from the pain induction and had control to request the cessation of the stimuli compared with experiences outside the laboratory where pain may be perceived as more threatening, impacting on ratings of intensity and affective distress. As highlighted by Stone et al 24 the use of sensory pain threshold measures requires further research to determine more concisely the stimulus parameters and body sites that are most reliable and valid.
In addition, the potential confound that the pain induction process itself being an accident cue was considered. Previous research has reported that the pain induction task itself had little effect on affective distress, avoidance, or physiological reactivity regardless of PTSD diagnosis 21 and attempts to control for this was made through assessing baseline measures of physiological arousal and selfreported pain and affect after the baseline measures of sensory pain thresholds to provide a more conservative baseline measure.
It should also be noted that the potential impact of participants engaging in various coping strategies and reactions to the accident cue (ie, flashbacks, dissociation, use of distraction strategies) despite standardized instructions is also noted with different responses likely to influence physiological reactivity. 42 The current study did not differentiate between the presence of these different coping strategies and this represents an avenue for further inquiry. As engaging in exposure tasks is inherently difficult for individuals with PTSD, future research would also benefit from more detailed assessment of individuals ability and willingness to engage in this task and measurement to validate this experimental manipulation.
The findings of the current study further highlight the negative impact of PTSD on both physical and psychological outcomes in WAD and the need for further investigation into effective treatments for this comorbidity. From a clinical perspective, these data suggest that patients exposed to accident cues may experience anxiety that lowers their threshold to certain pain stimuli, particularly at the site of the injury. Results of the current study and previous empirical and theoretical studies suggest that biological, psychological, and physical aspects of both PTSD and chronic pain play a role in the development and maintenance of this comorbidity.
